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(54) Potted transducer array with matching network in a multiple pass configuration 



(57) The invention provides a pair (30) of parallel 
megasonic transducers (42,44) that generate parallel 
columns of megasonic waves across a cleaning con- 
tainer (5). Semiconductor wafers (22) move back and 
forth transverse to the columns. The transducers have 



their back side potted with a silicone elastomer to pre- 
vent corrosion. In another embodiment megasonic 
waves from in-line transducers are dispersed with a cy- 
lindrical quartz rod (72). Water is enriched with ozone 
by pumping ozone under pressure through a filter (103) 
into sealed housing (102) of deionized water. 
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Description 

[0001] This invention relates to transducer assem- 
blies and, in particular, to methods and apparatus for 
megasonic semiconductor wafer cleaning. 
[0002] Megasonic energy and waves are used to 
clean and remove particles from the surface of semicon- 
ductor wafers during wafer processing into devices and 
integrated circuits. High frequency acoustic energy is 
termed megasonic for frequencies in the range of 0.5 
MHZ and 2 MHZ or higher. Acoustic energy is termed 
ultrasonic when frequencies range from 20 KHZ to 0.5 
MHZ. 

[0003] Megasonic cleaning is used at many stages in 
the fabrication process for removing particles, photore- 
sist, dewaxing and degreasing using different solvents 
and stripping solutions, it has also been shown that 
megasonic energy will aid in the removal of particulates 
0.1 micron) that are tightly adhered to the wafer sur- 
face. The primary advantages of using megasonic 
cleaning is that it saves in the cost of chemical cleaners, 
provides superior cleanliness and simultaneously 
cleans both sides of the wafers, thereby requiring less 
handling. 

[0004] Existing megasonic cleaning systems have 
several drawbacks. In a typical megasonic transducer, 
a monoclinic quartz piezoelectric crystal is mounted on 
a quartz plate. The megasonic energy from the crystal 
is transmitted through the quartz plate into the cleaning 
solution. The quartz plate may be exposed to the clean- 
ing solution or may transmit the megasonic energy 
through the tank floor. A typical tank is made of natural 
polypropylene that does not readily transmits megason- 
ic waves. The thickness of the quartz plate is critical for 
maximum transmission of the megasonic energy into 
the cleaning solution. 

[0005] The back side of the quartz piezoelectric crys- 
tal has a bus bar for receiving electrical energy from a 
cable. The bus bar and the cable connection are typi- 
cally left open and uninsulated. It has been observed 
that over time, corrosive fumes escaping from the clean- 
ing solution in the open tank corrode the bus bar and 
cable connection. While others have completely encap- 
sulated the quartz piezoelectric element, the encapsu- 
lation of the surface of the piezoelectric element that fac- 
es the quartz plate requires substantial modifications in 
the size of the plate so that acoustic energy is properly 
transmitted to the cleaning solution as disclosed in the 
specification of U. S. Patent 5,355,048. 
[0006] In a typical megasonic cleaning apparatus, 
one or more transducers are placed at the bottom of the 
cleaning tank and are substantially in line with one an- 
other. These transducers generate columns of standing 
wave megasonic energy that extend from the bottom of 
the tank to the top. Studies have revealed that these 
standing waves often have dead zones or stagnant 
zones where the megasonic energy has reduced power. 
If the wafers or portions of the wafers are disposed in 



those stagnant zones, those wafers or portions of the 
wafers will not be cleaned as well as the rest of the wa- 
fers. In order to remedy this problem, others have pro- 
posed moving the wafers from side to side or rotating 

5 the wafers as disclosed in the specification of U.S. Pat- 
ent Nos. 5,427,662 and 5,520,205. Still others have 
fashioned hollow cylindrical quartz plates with corre- 
sponding cylindrical piezoelectric crystals or have pro- 
vided solid half cylindrical quartz plates fixed to the bot- 

10 torn of the tank for dispersing the sonic energy, as dis- 
closed in the specification of U. S. Patent Nos. 
4,669,278 and 4,998,549. 

[0007] Once the wafers have been cleaned, it is im- 
portant to provide a thin native oxide layer on the wafers 

is as soon as possible in order to prevent contamination 
of the wafer during its fabrication. Native oxide readily 
forms on bare silicon wafer surfaces with or without 
ozone. However when it is formed slowly or in a uncon- 
trolled manner it will tend to incorporate high levels of 

20 SiOx particles or other contaminants. Using high levels 
of ozone (>7ppm) helps to form a quick and clean native 
oxide. Such a native oxide layer can be provided by sub- 
jecting the wafers to a bath of ozone-rich water. Howev- 
er, current techniques for ozonating water are inade- 

25 quate. The ozone quickly leaves the water bath and so 
the wafers do not receive the desired native oxide layer. 
[0008] The present invention includes a megasonic 
cleaning apparatus comprising a container for holding 
a cleaning fluid and a plurality of semiconductor wafer, 

30 said container having a rectangular configuration with a 
floor, four wall, and an open top, a megasonic transduc- 
er array mounted to the floor of the container, said array 
comprising a frame for holding at least one or more 
transducers, each transducer comprising a piezoelec- 

35 trie element bonded to transmitting piate for coupling 
megasonic energy from the piezoelectric elements into 
the cleaning fluid, one or more electrical cables connect- 
ed to the piezoelectric elements and extending from the 
element to a source of electrical energy said quartz 

40 plates, piezoelectric elements and said connections to 
the cables all encapsulated in a material comprising sil- 
icone that resists intrusion from liquid in the container. 
[0009] The invention also includes a method for 
megasonic cleaning semiconductor wafers comprising 

45 the steps of generating megasonic waves with a laminar 
energy wave front in a cleaning fluid in a container, and 
intercepting the generated waves inside the container 
and dispersing the waves in a divergent manner. 
[001 0] Conveniently, the features of the invention is a 

50 silicon elastomer to pot or encapsulate the back surface 
only of the connection between the bus bar and the ca- 
ble. This invention avoids the difficulties of providing in- 
sulation between the piezoelectric crystal and the quartz 
plate. By potting only the back surface of the bus bar 

55 and cable connection, the transmission structure of the 
quartz wave plate and the quartz crystal remain unal- 
tered. The potting prevents the fumes from corroding or 
otherwise damaging the electrical connectbn between 
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the cable and the bus bar itself and the quartz transduc- 
er. 

[0011] The invention provides two solutions for dis- 
persing sonic energy over the wafers. The first solution 
provides a double pass structure and method. In this so- 
lution, the transducers comprise two or more transduc- 
ers arranged parallel to each other along the bottom of 
the tank and orthogonal to the vertical position of the 
wafers or product to be cleaned. The wafers are inserted 
into the tank and then are moved reciprocally at least 
twice along a path that is substantially perpendicular to 
the columns of megasonic energy created by the paral- 
lel transducers. This method ensures that each wafer 
passes through the maximum megasonic energy at 
some point during their transfer through the megasonic 
energy. 

[0012] The second solution for dispersing the 
megasonic energy provides in a structure that uses typ- 
ical in-line transducers and a cylindrical quartz rod. The 
cylindrical quartz rod is disposed in the cleaning appa- 
ratus and above and separated from the transducers. 
The cylindrical rod intercepts megasonic waves ema- 
nating from the quartz plate at the bottom of the tank 
and disperses and re-directs the waves away from their 
intended vertical path. 

[0013] Finally, the invention provides an ozone-cap- 
turing apparatus and method. This apparatus and meth- 
od uses a reverse polytetrafluroethylene (Teflon) filter. 
The filter is immersed in a housing of water. Ozone is 
pumped into the filter under pressure with a check valve 
to prevent the back flow of ozone. The receiving housing 
is filled with water and is likewise sealed. The ozone un- 
der pressure is forced out of the Teflon filter and into the 
surrounding water. The ozonated water is withdrawn 
from the base of the housing and is passed to a wafer 
ozone bath for applying the ozonated water to the wafer 
With the ozonated water applied to the wafer, the wafers 
quickly acquire a thin layer of virtually contaminant free 
native oxide. That layer of native oxide aides in protect- 
ing the wafers from further contaminants during the fur- 
ther wafer processing. Note that native oxide is self -lim- 
iting in its growth, with the final thickness (usually <50A) 
dependant on the ambient, temperature and pressure 
under which it is formed. 

[0014] The present invention will now be described, 
by way of example, with reference to the accompanying 
drawings in which: 

[0015] Figure 1 is a sectional view showing a potted 
transducer and megasonic apparatus with parallel 
transducers. 

[0016] Figure 2 is a top view of the megasonic appa- 
ratus of Figure 1 . 

[0017] Figure 3 is an expanded sectional view of the 
transducer of Figure 1 . 

[0018] Figure 4 is an expanded top view of the trans- 
ducer shown in Figure 3. 

[0019] Figure 5 is a partial perspective view of in-line 
potted transducers. 



[0020] Figure 6 is a sectional view of the transducer 
shown in Figure 5. 

[0021] Figure 7 is a sectional view of a megasonic ap- 
paratus with a cylindrical dispersion rod. 

5 [0022] Figure 8 is a partial perspective view of the dis- 
persion rod and the transducer of Figure 7. 
[0023] Figure 9 is an end view showing the wafer and 
the dispersed megasonic waves produced by the trans- 
ducer in the cylindrical rod. 

10 [0024] Figure 10 is a schematic diagram of the ozo- 
nated water apparatus. 

[0025] Figs. 1 and 2, show a megasonic apparatus 1 0 
that includes a container 5 with endwalls 1 2, 14 and side- 
walls 13F, 13R. The container is filled with a cleaning 

15 fluid 9. A plurality of semiconductor wafers 22 are held 
in a wafer boat 20 that is supported above the tank by 
a conventional carriage or robotic arm (not shown). The 
transducer 30 is mounted to the floor 1 6 of the container. 
As shown in Fig. 2, a pair of quartz plates 52, 54 face 

20 the floor of the container 1 6. Quartz plates are mounted 
to piezoelectric transducers 42, 44. Those transducers 
convert electrical energy into megasonic sound waves. 
Electrical energy is supplied to the transducers by bus 
bars 18,19, respectively. The bus bars are coupled via 

25 cables 38, 39 to oscillators that generate electrical sig- 
nals for actuating the piezoelectric crystals 42, 44. 
Screws 33a, 33b and 32a, 32b couple the transducer 
frame 30 to the floor 16. 

[0026] Figs. 3 and 4, show a gasket 45 that is dis- 
30 posed around the periphery of the top surface of the 
transducer 30. The transducer 30 includes sidewalls 31 , 
35, endwalls 36, 37 and a center wall 34. The gasket 45 
is preferably made of any suitable, flexible insulating 
material. The preferred gasket is made of that known in 
35 the trade as Gortex. The quartz plate, crystal and bus 
bar assembly is mounted on the top side of the frame. 
The remaining cavity behind the bus bars 1 8, 1 9 is filled 
with a suitable insulation material 55. The insulation ma- 
terial 55 may be any suitable potting material, for exam- 
40 pie a silicone elastomer. The silicone elastomer material 
seals the bus bar and the cable connection from corro- 
sive fumes that escape the open top of the container 5. 
[0027] In operation, the megasonic transducers 30 
generate parallel columns of standing megasonic 
45 waves. The wafers 22 are lowered in their wafer boat 
20 into the cleaning fluid 9. The carriage or robotic arm 
translates the wafers in the direction shown by arrow 6. 
This direction is transverse to the column of standing 
megasonic waves. By passing through the standing col- 
50 umns of megasonic waves in a first direction and then 
in the opposite direction, the wafers are all exposed to 
substantial megasonic energy and no one wafer is per- 
manently resident in a stagnant zone. 
[0028] An alternate potted embodiment of the inven- 
ts tion is shown in Figs. 5 and 6. There, in-line transducers 
60. 1 , 60.2 include piezoelectric elements 61 .2, 61 .2. On 
top of the piezoelectric elements are, respectively, 
quartz plates 62. 1 and 62.2. Bus bars 63. 1 and 63.2 car- 
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ry electrical energy from cables 64.1 and 64.2 to the pi- 
ezoelectric elements 61.1, 61 .2. Potting materials such 
as silicone elastomer 65 fills the back side of the cavity 
of the transducer frame. 

[0029] In both of the above embodiments, the quartz 
plates are sized to a thickness that corresponds to an 
odd quarter wavelength of the megasonic wave. By an 
odd quater wavelength is meant a number of quarter 
wavelengths where the number is one of a sequence of 
natural numbers beginning with one and counting by 
twos and are not divisible by two. In these embodiments, 
it is preferred that the odd quarter wavelength be a 
number of 0.177 inches and is preferably in a range of 
0.150 inches to 0.200 inches or a multiple thereof. The 
quartz plate is chosen to be an odd quarter wavelength 
in order to provide a desired acoustic matching between 
the piezoelectric crystaLthe megasonic waves, and the 
cleaning fluid 9. By choosing an odd quarter wavelength 
maximum energy transfer is obtained with little or no ab- 
sorption of the energy by the quartz plate. 
[0030] Turning now to Figs. 7-9, there is shown an al- 
ternate embodiment for dispersing the megasonic ener- 
gy throughout the container. In this embodiment, a cy- 
lindrical rod 72 is spaced from the floor of the tank 71 
and is supported by supports 74, 73 located at opposite 
ends of the rod. A transducer 75 with a quartz plate 76 
is located beneath the rod 72. Although only one trans- 
ducer is shown in the figures, those skilled in the art will 
appreciate that two or more transducers may be ar- 
ranged in line with each other as shown in Figs. 5 and 
6. In operation, megasonic energy emitted from the 
quartz plate 76 is intercepted by the rod 72. As shown 
in Fig. 9, the rod 72 is located in the cleaning fluid and 
between the floor of the tank and the wafers 86. When 
the rod 72 intercepts the megasonic waves, it disperses 
them throughout the cleaning fluid 9. This dispersion 
avoids the problems inherent in standing waves. Thus, 
the megasonic energy is dispersed throughout the 
cleaning fluid 9 and all of the wafers 86 are substantially, 
evenly cleaned but at a tower power density than can 
be realized by the first solution of a very focused laminar 
power dispersion. 

[0031] Turning to Figure 10, there is shown an im- 
proved apparatus for dissolving ozone into water. In pri- 
or art techniques, surface passivation is provided by hy- 
drogen peroxide. However, it has been found that hy- 
drogen peroxide may contain metallic contaminants 
which are undesirable. It is desired that the ratio of 
ozone to water should be more than 7 parts per million 
in order to achieve a rapid silicon surface conversion to 
a native oxide. Improper ozone levels result in silicate 
particulates. 

[0032] In the inventive apparatus, a polytetrafluroeth- 
ylene (Teflon) filter 103 is immersed in a sealed water 
housing 102. Ozone is introduced through an inlet line 
1 04 that has an in-line check valve 101. The Teflon filter 
allows the ozone 103 to dissolve into the water in the 
housing 102. The ozonated water is then discharged 



6 

through discharge outlet 105. That water is then placed 
into a container where the wafers are rapidly oxidized 
leaving a thin oxide layer with virtually no metallic or or- 
ganic contamination. The inlet 104 carries highly deion- 
5 ized water. The ozone is introduced into the water 
through a high purity Teflon filter housing that contains 
a 0.1 micron Teflon filter cartridge. The filter openings 
must be large enough to permit ozone to flow from 
through the openings and into the housing 102. Since 
the ozone and the water are mixed in a sealed environ- 
ment 1 02, there is little or no free ozone in the discharge 
fluid The ozonating operation is normally carried out at 
a temperature of about 20 degrees C, ± 2 degrees C. 
Lower temperatures will result in more ozone dissolving 
in the water. In the preferred emboidiment, the dis- 
charge fluid from orifice 1 30 is at least 7 parts per million 
of ozone. 

[0033] The invention provides a pair of parallel 
megasonic transducers that generate parallel columns 
of megasonic waves across a cleaning container. Sem- 
iconductor wafers move back and forth transverse to the 
columns. The transducers have their back side potted 
with a silicone elastomer to prevent corrosion. In anoth- 
er embodiment megasonic waves from in-line transduc- 
ers are dispersed with a cylindrical quartz rod. Water is 
enriched with ozone by pumping ozone under pressure 
through a filter into sealed housing of deionized water. 



30 Claims 

1. A megasonic cleaning apparatus comprising a 
container for holding a cleaning fluid and a plurality 
of semiconductor wafer, said container having a 

35 rectangular configuration with a floor, four wall, and 
an open top, a megasonic transducer array mount- 
ed to the floor of the container, said array compris- 
ing a frame for holding at least one or more trans- 
ducers, each transducer comprising a piezoelectric 

40 element bonded to transmitting plate for coupling 
megasonic energy from the piezoelectric elements 
into the cleaning fluid, one or more electrical cables 
connected to the piezoelectric elements and ex- 
tending from the element to a source of electrical 

4$ energy said quartz plates, piezoelectric elements 
and said connections to the cables all encapsulated 
in a material comprising silicone that resists intru- 
sion from liquid in the container. 

so 2. A megasonic cleaning apparatus" as claimed in 
claim 1 wherein the megasonic transducers com- 
prise a piezoelectric element bonded to a odd quar- 
ter wave length quartz plate, said odd quarter wave 
length quartz plate having first and second planar 

55 surfaces separated from each other by the thick- 
ness of the quartz plate, said first planar surface fac- 
ing the floor of the tank for coupling sonic energy 
from the transducers into the cleaning fluid in the 
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tank and the second planar surfaces bonded to the 
piezoelectric element, in which the transducers, 
preferably are parallel to each other, or are in line 
with each other. 

5 

4. A megasonic cleaning apparatus as claimed in 
claim 1 characterized in that each transducer com- 
prising a piezoelectric element bonded to a odd 
quarter wave length quartz plate, said odd quarter 
wave length quartz plate having first and second 10 
planar surfaces separated from each other by the 
thickness of the quartz plate, said first planar sur- 
face facing the floor of the tank for coupling sonic 
energy from the transducers into the cleaning fluid 

in the tank and the second planar surfaces bonded is 
to the piezoelectric element, and one or more elec- 
trical cables connected to the piezoelectric ele- 
ments and extending from the element to a source 
of electrical energy, in which said quartz plates, pi- 
ezoelectric elements and said connections to the 20 
cables all encapsulated in a material that resists in- 
trusion from liquid in the container 

5. A megasonic cleaning apparatus as claimed in 
claim 4 characterized in that the transducer array 25 
further comprises a rectangular frame for support- 
ing the quarter wave plates and the piezoelectric el- 
ements, including an odd quarter wave plate cou- 
pled to the surface of the transducers and having a 
thickness that is an odd quarter wave length of so 
sound waves transmitted by the transducers. 

6. The megasonic cleaning apparatus as claimed in 
claim 5 characterized in that a megasonic generator 

for generating megasonic electrical signals, an odd 35 
quarter wave plate coupled to the surface of the 
transducers and having a thickness that is an odd 
quarter wave length of selected megasonic waves 
transmitted by the transducers, and means for ad- 
justing the megasonic generator to generate elec- 40 
trical signals that correspond to the selected sound 
waves, including a class D amplifier and a matching 
transformer for generating electrical signals that are 
matched to electro-sonic characteristics of the 
transducers for generating megasonic sound 45 
waves in the cleaning fluid. 

7. A method for megasonic cleaning semiconductor 
wafers comprising the steps of generating two or 
more parallel sets of megasonic waves in a cleaning so 
fluid, immersing semiconductors in the cleaning flu- 
id, moving the wafers in the cleaning fluid along a 
path transverse to the megasonic waves and tra- 
versing said path two or more times, in which the 
megasonic waves are generated across parallel re- ss 
gions of the fluid and the step of moving the wafers 
comprises reciprocating the wafers through said 
parallel regions. 



8. A method for megasonic cleaning semiconductor 
wafers comprising the steps of generating 
megasonic waves with a laminar energy wave front 
in a leaning fluid in a container, and intercepting the 
generated waves inside the container and dispers- 
ing the waves in a divergent manner. 

9. A megasonic cleaning apparatus comprising a 
container for holding a cleaning fluid and a plurality 
of semiconductor wafer, said container having a 
rectangular configuration with a floor, four wall, and 
an open top, a megasonic transducer array mount- 
ed to the floor of the container, said array compris- 
ing a frame for holding one or more transducers, 
each transducer comprising a piezoelectric element 
bonded to transmitting plate for coupling megasonic 
energy from the piezoelectric elements into the 
cleaning fluid and an electrical cable connected to 
the piezoelectric elements, each transmitting plate 
comprising a quartz plates having a thickness cor- 
responding to an odd quarter wave length of the 
megasonic waves generated by the piezoelectric 
elements, a cylindrical rod disposed in the container 
above the transducers for intercepting laminar son- 
ic energy transmitted from the transducers in a reg- 
ular pattern and re-distributing said sonic energy to 
the rest of the container in a divergent pattern, one 
or more electrical cables connected to the piezoe- 
lectric elements and extending from the element to 
a source of electrical energy. 

10. An apparatus for generating ozonated water 
comprising a housing for holding fluid and having 
first and second inlets, a first inlet for receiving wa- 
ter, an ozone dispersion filter connected to the sec- 
ond inlet and disposed in the container for dispers- 
ing ozone into the water in the container, an outlet 
coupled to the container for removing ozonated wa- 
ter from the container, in which the filter comprises 
polytetrafluroethylene. 

11. A method for generatin ozonated water as 
claimed in claim 10 comprising the steps of pump- 
ing deionized water into a sealed housing, pumping 
ozone into a filter in the housing at a pressure great- 
er than the pressure of the water, withdrawing ozo- 
nate water from the housing through a restricted or- 
ifice in order to maintain the pressure in the housing 
for dissolving the ozone into the water in an amount 
equal to or greater than 7 parts per million, and the 
temperature of the water is approximately 20 de- 
grees centigrade ± two degrees centigrade. 
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□ Only part of the claims have been paid within the prescribed time limit. The present European search 
report has been drawn up for the first ten claims and for those claims for which claims lees have 
been paid, namely claim(s): 




□ No claims fees have been paid within the prescribed time limit. The present European search report has 
been oVawn up for the first ten claims. 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 



see sheet B 



□ All further search fees have been paid within the fixed time limit The present European search report has 
been drawn up for all claims. 



□ As all searchable claims could be searched without effort Justifying an additional fee, the Search Division 
did not invite payment of arty additional fee. 



□ Only part of the further search fees have been paid within the fixed time limit. The present European 
search report has been drawn up for those parts of the European patent application which relate to the 
inventions in respect of which search fees have been paid, namely claims: 



[jn None of the further search fees have been paid within the fixed time limit The present European search 
I — 1 report has been drawn up for those parts of the European patent application which relate to the invention 
first mentioned in the claims, namely claims; 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity ol invention and relates to several inventions or groups of inventions, namely: 

1. Claims: 1-9 

Apparatus and methods for megasonic cleaning of 
semiconductor wafers. 



2. Claims: 16-11 

Apparatus and method for generating ozonated water. 
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